"effective charge' of the porphyrin is closer to two than the formal charge of +4. For calf thymus DNA, the binding profile is not completely compatible with the predictions of condensation theory. Whereas the avidity of binding does decrease with increasing
[Na+] as predicted, of greater interest is the relocation of the porphyrin from GC-rich regions to AT-rich regions as the ionic strength increases.
INTROD2UCTION
The binding of small molecular ions (ligands) to DNA continues to be a subject of considerable interest in biochemistry. A theoretical model proposed by McGhee and von Hippel (1) remains the standard method of analyzing titration data for such association reactions although the importance of polyelectrolyte effects is now becoming appreciated (2) 
m K1r\2(wo-1)(1-nir) )~2 (I1-nr) ) with R = [(1-(n+1)r)2 + 4wor(1-nr)]1/2. Equation (2) reduces to equation (1) [Na+] . The filament-like DNA structure with regularly placed negative charges along its length gives rise to a counterion condensation layer described by Manning (4, 5) . Theory predicts (6,7) that for this physical situation log K will show a linear dependence on log [Na ] as:
8 log [Na+1
In equation (3), (p is the counterion fraction arising from both the condensed ion atmosphere and Debye-Huckel type processes on native DNA; 9p* is the counterion fraction on "open" DNA, the cooperative unit involved in the intercalation of small molecules; n, as above, is the number of base pairs involved in the binding site and z is the number of ion pairs in the complex which for small molecules Is usually equal to the charge of the ligand. (The concentration of the ligand is assumed to be significantly lower than that of the supporting electrolyte, e.g., sodium chloride.) The work reported on here was undertaken to determine the influence of the ionic strength on a multivalent intercalating drug, tetrakis(4-N-methylpyridyl)-porphine (H2TMpyP, Figure 1 ). This substance carres a 4+ charge at or near neutral pH and has been shown to intercalate into naturally occurring DNA (8) as well as poly(dG-dC) (9) . Convenient spectroscopic markers are available to study the interactions of H2TMpyP with nucleic acids. Intercalation which occurs in GC-rich regions leads to a large bathochromic shift of the Soret band (>20 nm), substantial hypochromicity of the Soret maximum (-40%) and an induced circular dichroism band in the Soret region having negative ellipticity (9 
RESULTS AND DISCUSSION
The results of a titration experiment involving H2TMpyP and poly(dG-dC) at j = for the free porphynn is at 421 nm while that for the complex (H2TMpyP-poly(dG-dC)) is at 444 nm consistent with our previous findings at j = 0.2 M (9). The usual procedure for analyzing titration data of this type is to construct r/m vs r plots and extrapolate the linear portion of the resulting curve to r = 0 to obtain a value for the inherent binding equilibrium constant, K. In so doing, the data which are emphasized are those obtained in the limit where nearly all of the porphyrin chromophore is bound. We prefer an approach in which an attempt is made to fit all the expermental data using an appropriate model. Equations (1) and (2) (1) and (2) are varied systematically using standard computational methods until the best agreement between Acalc and Aexp is obtained for a given data set. On the basis of earlier work (9) and preliminary plots of r/m vs r, n was set equal to two. Then, for )o* 1, onl one parameter remains; the equilibrium constant, K. If we allow for cooperat (a>* 1), then two adjustable parameters are available to fit the data. The equilbrium constants thus obtained are reported to ±10% for each titration at a given wavelength.
Shown in Figure 3 is the result of this analysis as applied to previously published conditions considered in the present report, not all the results lend themselves to standard Scatchard analyses whereas the approach taken here, in which all of the data are employed without bias, is uniformly successful. Figure 4 is the result of the analyses of data at 420 nm at the five sodium ion concentrations considered here. Shown are all the data points and the theoretical curves generated for co = 1 and co * 1. Representative data analysis at 442 nm are shown in Figure 5 for three of the systems. Once again, a most acceptable fit is achieved for the one and especially the two parameter curve fitting procedure with n = 2. A summary of our results is given in Table I showing both the non-cooperativity model as well as the best fit of the data allowing for cooperativity.
As may be seen from the results in Table 1 Figure 6 . The equation of the line which best fits 
cak The values of Kc,i shown in Table 1 The results of the titration data of reference (9) Curve (e) is at the same conditions as curve (d) except no calf thymus DNA has been added.
DNA when the ionic strength is varied. This latter DNA, like calf thymus DNA, is a natural DNA with about equal GC and AT base pair content but of different base sequence. On this basis, we present as our model the suggestion that in these polymers of mixed base pair content there are regions of GC base pairs and AT base pairs which maintain the properties seen in their respective homopolymers (this will be substantiated, vide infra, by CD results) and that the base specificity of H2TMpyP to these mixed polymers depends on bulk ionic strength with GC preference at low I., converting to AT preference as jt is increased. Analysis of these results must also include the tendency of the porphyrin to dissociate from the polymer as the ionic strength increases. As a simplest model, the absorbance of a solution at some given wavelength can be written as:
(6) where P-GC represents the porphyrin chromophore intercalated in GC-rich regions of DNA and P-AT represents H2TMpyP externally bound to AT-rich regions. Interface regions in the natural DNA have been neglected and furthermore we use for £GC and CAT the molar absorptivities of the porphyrin when bound to the synthetic 5927 (6) and (7) to the data of Figure 7 permits a determination of the fraction of the porphyrin bound at GC and AT regions respectively at various ionic strengths (cf Table 2 ).
To further test this model, we determined the induced circular dichroism spectra in the Soret region for H2TMpyP/DNA solutions as a function of ionic strength (see Figure 8 ). At IL = .0040 M (curve "a" in Figure 8 of Pk. Figure 9 shows a plot of log PK VS. 1/2 as a graphical display of the change in base specificity of H2TMpyP with ionic strength. As may be seen from this figure, the plot is somewhat scattered but appears to be linear with a slope of unity. Although there is no explicit theory to account for this dependence it is reminiscent of those obtained for Debye-HOckel type interactions. Theories which have been developed for the influence of ionic strength on binding of ligands to homopolymers are inadequate to acount for these effects. Indications of similar findings exist in the literature but the results are less definitive than those presented here. Norden and Tjerneld have shown that the CD spectrum of the methylene blue/DNA complex shows a "remarkable dependence" on ionic strength changing sign from negative to positive with increasing sodium ion concentration (15) . They have interpreted their results as reflecting two types of intercalation modes for methylene blue with one mode favored at low ionic strength and the other at high. Changes in DNA conformation in the range 0.1 to 1 M NaCI have been suggested by Giartosio et al. (16) as the basis for fluorescence effects observed for the bisbenzimide/DNA system. The unifying notion in these studies and the present one is that not only the avidity but the nature of polyelectrolyte small molecule interactions may well be very sensitive to the bulk ionic strength. Future efforts will expand on these studies to include the binding of porphyrins to poly(dA-dT). In this manner we hope to determine the factors responsible for the dependence of base specificity on ionic strength.
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